Integration

I.  Integration process

      Integration is slicing and summing process used to break a single complex problem into many simple ones.  For example consider the problem of approximating the area of a region with curved boundaries such as the one defined by 
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.  First slice the x-axis into small increments and sketch a rectangle on each increment.  Use the function to estimate the height of each rectangle and then compute the areas of all the rectangles.  Approximate the area of the region with curved boundaries by adding up the areas of all of the rectangles.  The approximation can be improved by refining the grid.

Figure 1: Integration process


 

(shaded area exact, area of the rectangles approximate)
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      Integration has many physical applications.  In physics we can compute the net change in distance from a known but non-constant velocity by slicing time into small increments.  On each increment we approximate the distance traveled using the usual algebraic relationship 
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.  To approximate the net distance traveled, simply add up the distances from each subinterval.  The approximation often yields good results because the distance function is approximately constant on each subinterval.  Note that in a trip to Norfolk and back the velocity would be positive in one direction and negative in the other.  Hence the net distance traveled would be zero.  

      The slicing formulae for a uniform mesh on the interval 
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The summing formulae for the simple polynomial functions 
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II.  Definite Integral

         We can apply this slicing and summing process to any function.  This process is   referred to as finding the definite integral.  The definite integral of the function 
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              where 
[image: image11.wmf]]

,

[

1

i

i

i

x

x

c

-

Î

 and 
[image: image12.wmf]0

®

D

x

 as 
[image: image13.wmf]¥

®

n

.

III. Properties of Integrals

         A.  Limits of integration
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         B.  Mean value theorem for integrals

               Theorem:  If 
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 then there exists a point c between a

               and b such that 
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IV. Fundamental Theorem of Calculus

         This theorem forms a bridge between differential and integral calculus.  The fundamental theorem of calculus states that definite integrals may be evaluated by reversing the process of differentiation.  Thus the fundamental theorem of calculus provides an algebraic shortcut for evaluating definite integrals.
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V.  Constructing a Function from its Derivative.

      A.  Graphical antiderivatives

      The guiding principal here is the idea of accumulative area.  The regions above the x-axis are counted as positive and the regions below the x-axis are counted as negative.
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      B.  Reversing derivative rules
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      C.  Substitution method

                Let 
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 and rewrite the integral in terms of u.  This method works if the

             new integral is on the table of known integrals.

VI.  Functions defined by integrals

Functions defined by integrals have many applications in mathematical physics and statistics.  To analyze functions defined by integrals we use the second part of the fundamental of calculus.

[image: image24.wmf])

(

)

(

x

f

dt

t

f

dx

d

x

a

=

ò


Calculus home page
� EMBED Equation.3  ���





� EMBED Equation.3  ���





� EMBED Equation.3  ���








_1046177826.unknown

_1046178445.unknown

_1046180243.unknown

_1046180679.unknown

_1046180761.unknown

_1046181131.unknown

_1046180254.unknown

_1046178606.unknown

_1046178717.unknown

_1046179378.unknown

_1046178586.unknown

_1046178325.unknown

_1046178342.unknown

_1046178285.unknown

_1046178003.unknown

_1046176005.unknown

_1046177036.unknown

_1046177758.unknown

_1046176741.unknown

_1046177014.unknown

_1046176722.unknown

_1046174777.unknown

_1046175634

_1046174759.unknown

